The barotropic model with the non-divergent stream function derived from wind analysis as input is used for predicting 500mb level flow patterns in the Indian region. Appropriate boundary conditions for computation of the stream function from the observed wind information are prescribed. Such boundary conditions are considered suitable for the purpose which maximise kinetic energy in the reconstructed wind and minimise root-mean-square-vector-error between the reconstructed wind and the observed wind.
Introduction
It is well-known that in the Tropics, except in well-defined synoptic systems such as depressions and cyclones, the temperature and pressure gradients are generally weak and the relationship between wind and pressure is much more complex than that given by a simple geostrophic relationship. In addition there are wide gaps in radiosonde observational network especially over the oceanic regions and in many parts available observations suffer from instrumental and other errors especially over the Indian region (Ananthakrishnan et al., 1966 (Ananthakrishnan et al., , 1967 . For these reasons, it is now largely accepted that in low latitudes the flow-patterns depicted by the winds are more reliable than those deduced from contour analysis (Palmer, 1952; La Seur, 1960; Miyakoda, 1960a; Yanai and Nitta, 1967) . It was, therefore, thought that it would be more appropriate to use wind information as the basic input in a prediction model than contour height information. The barotropic model using the stream function derived from objective wind analysis as input has recently been employed by Vederman, Hirata and Manning (1966) to predict flow-patterns at several levels in the Tropical Pacific. In the present paper the same basic model has been applied to the Indian region. However, as shown by Hawkins and Rosenthal (1965) the successful derivation of a stream function field from the observed wind information depends very much on the boundary conditions used to compute the field. Hence, in the present paper effort has been made through an iterative procedure to arrive at such boundary condition and initial stream function field which are likely to ensure a realistic representation of the flow patterns. Keeping in view that the computed stream function is to be used as input in a dynamical prediction model we have assumed that a stream function field which maximises kinetic energy in the reconstructed wind and minimises the root-mean-square-vector-error (hereafter called r. m. s. v. e.) between the reconstructed wind and the observed wind is appropriate for the purpose. However, in cases when both the criteria are not satisfied simultaneously, weightage may be given to the former.
To test the model, forecasts of flow patterns at 500mb level in the Indian region were obtained for 24 hours on four consecutive days and 48 **/*n or **/*n is calculated by linear extrapolation of the derivative from interior grid-points to the boundary.
After the boundary values of * is determined in this manner, equation (2) is solved by accelerated Liebmann relaxation method using an over-relaxation coefficient of 0.7 to obtain * field. where u and v are the zonal and the meridional components of V, positive towards the east (x) and the north (y) respectively. Equations (2) and (3) may be solved by method of relaxation to obtain the * and * fields under suitable boundary conditions. Sangster (1960) , Rosenthal (1963) and Hawkins and Rosenthal (1965) have given details of the procedure adopted by them to compute values of * at the boundary with the help of the Helmholtz theorem. In the present paper, we have proceeded on somewhat similar lines and used a scheme which maximises kinetic energy in the non-divergent component of the wind and minimises the r. m. s. v. e. between the reconstructed non-divergent component of the wind and the observed wind. The scheme may be explained as follows : If s and n are distances on the earth along the boundary (positive in the anti-clockwise sense) and normal to the boundary (positive in the direction of the outward normal) respectively, we have from equaton (1) where vs and vn are the observed wind components in s and n directions respectively. To start with, equation (3) is solved with *=0
at the boundary. The values thus derived at the interior grid-points are used in equation (4) to obtain new values of * at the boundary by integrating equation (4) along the boundary. The normal derivative This same procedure is repeated, using newly obtained *, to calculate a new * field using equation (3) and (5) which in turn is used to calculate a new * field using equations (2) and (4). This procedure is repeated and from the successive computations a stream function field is finally selected on the basis of maximisation of K. E. contained in * and minimisation of r. m. s, v. e. between reconstructed non-divergent wind and the original wind. It may be seen that the first stage of the above iteration corresponds to Sangster's method of calculating *.
Actual computations also revealed that in some cases the * corresponding to Sangster's method itself meets with the aforesaid criteria. However, in some cases the criteria is met in subsequent stages. Table 1 gives the percentage kinetic energy and the r. m. s. v, e. between the observed and the reconstructed winds on 14-17 June 1966. 
The prediction model and the computational scheme
In the case of non-divergent barotropic atmosphere, the prediction equation using the stream function is given by where (*2*+f) is the absolute vorticity, f being the coriolis parameter. Equation (7) can be solved numerically by the relaxation technique using suitable finite difference forms for the Laplacian and the Jacobian and prescribing a suitable boundary condition for **/*t. The finite difference forms of the Laplacian and the Jacobian which are used in the present study are the nine point Laplacian suggested by Miyakoda (1960b) and the nine point Jacobian proposed by Arakawa (1963) . These may be stated for Laplacian and Jacobian at a point 0 (see Fig. 2 suitable time increment, consistent with the gridlength is chosen to maintain computational stability. For a grid-length of 2.5* longitude at the equator, a suitable time step is about one hour. The forward difference scheme is used at the first time step and the centered difference scheme at the subsequent time steps. The relaxation is performed by the accelerated Liebmann relaxation technique and the optimum value of the overrelaxation coefficient is 0.7.
The computer programme and the forecast
The computational schemes and the forecast model outlined in Sections 2 and 3 have been applied to predict flow patterns at 500mb level over an area bounded by latitudes 2.5*N and 40*N and longitudes 50*E and 100*E upto 24 hours on four consecutive days viz. An approximate sketch of India has been included in the charts. The r. m. s. v. e. between the predicted and the observed * component of the wind for the Indian region bounded by 7.5*N-27.5*N and 70*E-90*E is given in Table 2 .
As mentioned earlier, a special interest of the synoptic situation to which the barotropic model was applied was the movement of a deep depression which was situated over the Head of the Bay of Bengal with center near latitude 18.5*N, longitude 91.0*E on 15 June 1966. In the course of the subsequent two days, the depression moved in a northerly direction. The position of the center of the depression in the * field is determined by the position of the minimum value of the stream function. Table 3 gives the forecast and the observed positions of the center of the depression along with the vector errors on 16, 17 and 18 June for 24 hours forecasts and on 17 and 18 June for 48 hours forecasts.
Outlook
The results of the present study are encouraging. They seem to suggest that the barotropic model with the wind information as input may serve as a suitable operational numerical weather prediction model for the low latitudes in general and the Indian region in particular, provided a suitable objective wind analysis scheme is evolved. It is proposed to test the model with the objectively analysed wind information and extend the computational area and carry out the integration for longer period.
